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SHAPES FORMED BY STREAM SURFACES OF CONICAL FLOWS

G. I. Maykapar

Analysis showing that current surfaces of supersonic
flows past cones at zero angle of attack can be used to
construct a wide class of shapes for which the aerodynamic
characteristics are easy to determine. The lines of in-
tersection of the nose shocks form the edges of these
shapes. As distinct from shapes obtained with the aid of
current surfaces behind plane shocks, the cross sections
of the shapes under consideration vary along their length.

The article shows that stream surfaces of supersonic flows near cones at {126*
an angle of attack can be used to construct a rather wide class of bodles whose
shape and aerodynamic characteristics can easily be computed. The intersection
lines of head shocks are the ribs of the body. Unlike bodies which are con-
structed by means of stream surfaces behind the plane shocks, the transverse
cross sections of the considered bodies vary along their length.

The calculations of flow past three-dimensional bodies is a rather diffi-
cult problem and, to date, have been carried out for a small number of partic-
ular cases. Therefore the calculation of three-dimensional flow around bodies,
which can be carried out without cumbersome computations, are of significance,
even if these bodies do not have a direct practical application. Such calcula-
tions make it possible to carry a certain analysis on the effect of shape on
the aerodynamic characteristics, of the selection of optimum solutions, etec.
The author has proposed earlier the utilization of plane shock fronis and a
system of plane compression shock fronts for this purpose (ref. 1). The ribs
of the bodies constructed in this manner serve as the intersection lines for
the shocks, and the shock intersection lines may also be situated in the flow
(ref. 2) or on the surface of the body.

It is shown below that a rather large class of bodies with pointed leading
edges can be constructed by means of stream surfaces of axially symmetric flows
behind the conic compression shocks. ILet us consider 2 conic shocks (fig. 1)
whose equations are as follows:

¥+ 22 = 2, (y — yo)? + 2® = (z — z0)% 7°
T=tgl, Ta=tg0:, yo/z0=1g9d (1)

The projection of the intersection line for these shocks on the xy plane
is obtained from system (1)

Vo (2 —y9) = [(m — %) 2+ Hool (1 - ) < — Tyzo] | (2)

*
Numbers given in margin indicate pagination in original foreign text.
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It can be seen from (2) that the intersec-/127

tion line will be a plane curve in the case
when the cones are the same (T1=T2) while in

the remaining cases it will be a curve on the
surface of a parabolic cylinder., The slope of
the shock intersection plane is equal to

dy _ tu3d
dz :gG “ (3)

and the intersection line is a hyperbola.

To construct the stream lines of conic
flow approximately, we make use of the situa-
Figure 1. tion that there is a linear relationship in the
difference between the polar angle 6 and the
stream line slope angle € as a function of 6-8°. The accuracy of this relation-
ship increases with M,. Assuming that

0-€=2(8-6°)

we obtain the following for the stream line

r_ (sin 209 — e°))'/2 \

1 \sin2(8 — %)

~

Now as an example let us consider bodies which are formed by stream sur-
faces behind identical conic shocks.

Figures 2 and 3 show a body which is symmetrical with respect to the
planes Xy and xz for the case when xy=0, 6°=15° and Mw=3. The dot-dash lines

in this figure and in the following figures show the conic shocks. The leading
part of the body is close in shape to a symmetric wing with segmented profile
(fig. 2). As we move away from the nose the transverse cross section

Figure 3.



assymptotically approaches a circle with
plane meridional ribs (fig. 3). (The
tables presented in reference 3 were used
to compute 6-€.)

The displacement of the apex of one
of the cones (8=317°) leads to the assym-
metry of the body with respect to the x=z
plane (fig. 4). However the 1ift force
of such a body will be close to O due to
identical conic shocks which determine the
pressure on the upper and lower surfaces Figure k.
of the bady. The lower surface of the
body can be looked upon as the lower surface of the wing whose plan form is
close to that of a triangle. If the apexes n of identical conic shocks are ar-
ranged at the apexes of an equilateral polygon in the plane yz the intersection
lines of the adjoining shocks will form n ribs of the body with a "star" cross
section. Figures 5 and 6 show bodies corresponding to 9°=l5°, M =3 and n=3 and

4, while figure T shows those corresponding to 0°=15°, M_=T7 and n=3.

Unlike the simplest bodies constructed by means of plane shocks, the con-
sidered bodies have cross sections whose shapes vary along the length and as-
symptotically approach a circle with radial ribs as we move away from the
nose.

AN

Figure 6.
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Analysis showing that ¢”5&8t surfaces of supersonic flows
past cones at zero angle of attack can be used to construct a wide
class of shapes for which the aerodynamic characteristics are easy
to determine. The lines of intersection of the nose shocks form
the edges of these shapes. As distinct from shapes obtained with
the aid of current surfaces behind plane shocks; the cross sections
of the shapes under consideration vary along their length, V.P.
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Ha (2) Baano, 9T0 JEHNA HepecedcHus Gy:leT miockoii KphnBoil B CJayuae OINHAKOBHX
ROBYCOB (T; = T,), B OCTanbHLX caydasx oHa Oyner KpABOit Ha DOBepXHOCTH mapalo-
AHIOCKOTO Haraorn naoc-

KOCTH HEpPeceueHnR CKAYKOB pABEH
dy _ig'®
dz tgd

JZEHEA Hepecedonus — ramepbosa.

Jlan npnbGamkenHoro NOCTPOSHUA
NHHHE TOKA KOBHIOCKOIO TeYeHHA BOC-
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unc10 M, uMeer MECTO TWReREAR 3a-
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SOEREE CERRERCE. :
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(Has sruvcaenna § — e acnoanaora-
anck Tafaneu [3]).
Cyemensie RepINAM  0IBCTO M3 @nr. 7
Kokycos {§ = 317°) IpEBGIHT K acmn-
MeTPRA TOI3 OTNOCETEIRRC NNOCKOCTR I3 (fur. 4). Casaxo moppeMHAA CHAA TAKOrO Tela
6)’,’19‘? 65!.3}10@ w HYJW BCIICACTBNEG OONHAKOBRX HOHMIECHHX CRAUKOB, nr:p(';xmmomnx
AABAGHES B3 EEPINON X MIDKEDM NOREPXHOCTH Teaa. HIKRIOM i0BEPXHOCTL Tedd MOXKHO
pag;gagpmn, AR HEERI0K TORSDXHACTL Kpuoa, tgmpua 1 IIanRe ROTODOTO BechMa 6.«1”3'
Ka & TpeyraaLspny. ECIN pacHOSOMETE uepitHHM 7 OHHAKOBWX HONITECKIX CHAYKOB B
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T = =13, M, =7 3 a=3
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Soauy PeRHLY cogend, MPUAOMYIOCH N0 LIRHE I ACHMI-
eRRey ©T Hocraa K EPYPY © pauadibliuuy peGpamis,
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